Abstract. Mikheyev and Smirnov have recently shown that oscillations between two species of neutrinos may be amplified in matter. We give analytic expressions for the energy eigenvalues, all the mixing angles and the CP-violating phase in matter for three generations of neutrinos using the Fritzsch parametrization for the flavor mixing matrix. For clearly separated neutrino masses Am21 >>Am21 we find two MSW resonance effects--one for Ve~V. and one for Ve~V~ conversions --which can each be approximated by a separate two neutrino treatment as has been recently shown by Kuo and Pantaleone. Nearly degenerate neutrino masses Am2i ~ d m2i on the other hand lead to only one resonance region with sT ] no longer necessarily approaching 1 for very high densities.
Introduction
The question of the nature and the magnitude of the neutrino mass remains one of the most prominent problems of modern day physics. While there is no known principle that requires the neutrinos to be massless, their mass is certainly much smaller than that of any other fermion and may even be zero. The existence of massive neutrinos would not only lead to an extension of the standard model of electroweak interactions but might also help to solve the problem of the missing or dark matter [1] in the universe.
Due to the absence of righthanded neutrinos (and accordingly lefthanded antineutrinos) a standard Dirac mass term does not occur in the GlashowWeinberg-Salam theory. A neutrino mass can only be introduced by enlarging the particle content of the theory either by heavy righthanded neutrinos or by a weak isovector Higgs boson. Both mechanisms * Current address: Washington University, St. Louis, MO 63130, USA generate Majorana mass terms in the Lagrangian for the various neutrino generations. Since there is no physical law that demands that the mass matrix is diagonal in the flavour and helicity eigenstates, there may be mixing between these states similar to the flavour mixing in the quark sector. Oscillations between the different neutrino flavours as well as between neutrinos and antineutrinos will result from such mixing. To account for the fact that so far no righthanded neutrino has been seen the righthanded neutrino components should be quite massive [2, 3] . Thus the search for neutrino flavour oscillations seems to be much more promising than for the highly suppressed lepton number violating v*--~g transitions. Since the concept of neutrino oscillations was devised about 20 years ago [4] a number of oscillation experiments have been performed at reactors and accelerators [5J--without conclusive evidence for or against oscillations. These experiments could so far only set limits on the range of the oscillation parameters, namely the mass-squared difference A m 2 and the sine of the mixing angle sin 0. Vacuum neutrino oscillations have also been invoked as a possible solution for the solar neutrino puzzle [6] . In order to explain via neutrino oscillations the observed discrepancy for the 37Cl-detector between measured (2.1+0.3SNU [7] ) and theoretically predicted (5.8 +2.2SNU [8] ) solar neutrino flux the mixing angles have to be large. Recently Mikheyev and Smirnov [9] proposed a new approach to the solar neutrino puzzle where even small mixing angles would lead to a sizable reduction of the solar neutrino flux through resonant neutrino transformations in the interior of the sun. This mechanism derives from the different charged current contributions to the forward scattering amplitudes for the various flavours of neutrinos propagating through matter, as was first observed by Wolfenstein [10] .
Several authors [11, 12] have thoroughly investigated this so called MSW effect concentrating mainly on oscillations between two neutrino generations and considering special cases for three neutrino families [13, 14] 
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in vacuum is given in the ultrarelativistic limit E >> ml, m2 through the Schr6dinger-like equation
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From (3) 
where Om is the mixing angle in matter. In complete analogy to (3) the evolution equation (4) can be written in terms of the matter parameters as
The mass eigenvalues in matter
Unfortunately nature does not restrict itself to two fermion generations but presents us with at least three different fermion families. In general for neutrinos flavour and vacuum mass eigenstates mix via a unitary n x n-matrix U that can be parametrized by 89 -1) real mixing angles and 89 1)(n-2) or 89 1) CP-violating phases for Dirac and Majorana particles respectively. Fortunately the additional Majorana phases do not enter into neutrino oscillations [3, 15] , so that we can use those parametrizations of the flavour mixing matrix which were devised for the quark sector. The three mixing angles and one CPviolating phase in three dimensions can be chosen in many different ways to parametrize U; we use the form introduced by Chau and Keung and Fritzsch [16] I + Am 2 cos 20.) (8) j
